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ABSTRACT 


“1. Introduction 


Tissue regeneration is a multifaceted biological process that requires a highly coordinated immune response, cell 
proliferation, cellular differentiation, and tissue morphogenesis [1]. However, in the case of severe wounds such as 
diabetic ulcers or those derived from burns, unfavorable microbial environments during the repair process can delay 
healing or generate very low-quality healing due to microbial infections or impaired angiogenesis [2]. Therefore, 
the development of materials capable of accelerating and maintaining the complex series of events for appropriate 


tissue repair is crucial, and further research is necessary [3]. 


Collagen-based hydrogels have demonstrated promising potential in wound healing and tissue engineering 
applications due to their attractive fibrillar structure, biodegradability, high biocompatibility, and ability to promote 
key cellular functions such as adhesion, proliferation, and cell differentiation [4]. However, one drawback of 
collagen-based hydrogels is their lack of mechanical support, leading to high degradation rates and having a weak 
resistance against bacterial growth. Chemical crosslinkers, such as polyurethane (PU), have been satisfactorily 
employed to enhance both the mechanical properties and degradation control of collagen [5-7]. This combination 
leads to the formation of an interpenetrating polymer network (IPN) system [8]. These hydrogels can be combined 
with various polymers with functionalities that allow for the improvement and modulation of properties such as 
biocompatibility, drug release capability, enhanced antibacterial capacity, and facilitation of tissue regeneration. 
One of these polymers is polyethylene glycol (PEG), a biocompatible synthetic material approved by the FDA for 
use in biomedical applications [9]. PEG is an inert polymer with high hydrophilicity, and its incorporation into 
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collagen-based hydrogels help improve the mechanical stability of the materials, providing better structural 
integrity and making them suitable for scaffold uses [10,11]. Furthermore, the incorporation of PEG improved the 
performance in the healing of chronic wounds. In general, the incorporation of PEG into the collagen-PU system 
will offer the development of a semi-IPN platform with tailored properties to meet many requirements involved in 


tissue regeneration [12]. 


On the other hand, as mentioned above, one of the most significant issues during the healing process in hard burns, 
chronic wounds, and diabetic ulcers is the appearance of uncontrollable infections, leading to low-quality healing 
and, in some critical cases, death [2]. This phenomenon is related to the resistance of many bacteria to traditional 
antibiotics. Therefore, developing new materials for addressing this healthcare problem must include biomaterials 
capable of loading antibiotics or efficient alternatives. One of these attractive alternatives is the use of silver 
nanoparticles (AgNPs), known for their great microbial activity. Nowadays, they have regained relevance by being 


incorporated into different polymeric matrices for several biomedical applications [13,14]. 


Massod et al. [15] reported that incorporating AgNPs into the Chitosan-PEG system generates formulations capable 
of accelerating the healing of chronic diabetic wounds. These tests were evaluated in rabbits, and the presence of 
silver nanoparticles improved the antimicrobial and antioxidant properties compared to hydrogels without AgNPs. 
The collagen-PEG combination to generate hydrogels with engineering tissue utility was reported by Timothy D. 
Sargeant et al. [10] the authors highlighted the importance of collagen in cellular adhesion and facilitating the 
enzymatic degradation process, while the presence of PEG helped bind proteins in cytocompatibility. 
Collagen-PEG hydrogels showed tunable mechanical and swelling properties. These characteristics and biological 
properties made these materials capable of being used as injectable tissue scaffolds to treat tissue regeneration 
necessities. Alarcon et al. [16] fabricated collagen-coated AgNPs incorporated into collagen-based hydrogels and 
evaluated the antibacterial properties in vitro against S. aureus, S. epidermidis, E. coli, and P. aeruginosa, and the 
inflammatory effects in vivo in mice. Their results demonstrated the safety and efficacy of these collagen-AgNPs 


hydrogels for tissue engineering applications, indicating their potential clinical uses. 


Considering the above information, the aim of the work presented here is to expand the use of AgNPs, avoiding 
cytotoxicity [17] by incorporating them into semi-interpenetrated networks (semi-IPN) formed by Collagen-PU- 
PEG hydrogels. The synthesized hydrogels were labeled as CPEG-Ag, which were proved effective against E. coli 
bacteria in in vitro assays. Furthermore, we examined the kinetic polymerization of the hydrogels and evaluated 
their chemical composition, swelling, and crosslinking. The viability properties for monocytes and fibroblast cells 
are also included. All these characteristics highlight the possibility of using these materials in in vivo tests for future 


tissue regeneration applications, specifically in complex wounds such as burns and diabetic ulcers. 
1.1. Study Objectives 


The following are the main objectives of this study. (i) Synthesize and evaluate the impact of AgNPs incorporated 
into hydrogels composed of Collagen-PU-PEG. (ii) Evaluate the physicochemical characteristics such as swelling 
capacity, crosslinking index, and morphology of the CPEG-Ag Hydrogels synthesized. (iii) Evaluate the chemical 


composition and the kinetic polymerization of the CPEG-Ag Hydrogels. (iv) Demonstrate the correct metabolic 
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activity of important cells in the wound healing process: monocytes and fibroblasts. (v) Demonstrate the superior 


antibacterial properties of CPEG-Ag hydrogels against E. coli bacteria. 
“2, Materials and Methods 
2.1. Materials 


Collagen type I (Col) (al=230 000 g mol! and a2=110 000 g mol") was extracted through decellularization/ 
enzymatic procedures from porcine tendons obtained from pig legs at the local market. Polyethylene glycol 
(M,=400), silver nanoparticles (<100 nm particle size), hexamethylene diisocyanate (HDD), glycerol ethoxylate 
(GE), 3-(4,5-Dimethy]-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), 2,2-dihydroxy-1,3-indanedione 
(ninhydrin), sodium hydroxide, sodium chloride, calcium chloride and other salts were acquired from Merck- 
Aldrich. The Escherichia coli (E. coli) bacterial strain (EC11303), eosin-methylene blue (EMB) agar, Dulbecco's 
Modified Eagle Medium (DMEM), 2-propanol, and other common solvents were acquired from Merck-Aldrich, as 


well. All reagents were used as received without prior purification processes. 


Table 1. Formulations for CPEG-Ag hydrogels 


“Hydrogel = SCollagen(mg) “PU(mg) = PEG (mg) ANP (ig) 
CPEG-Ag0 6 1.2 1.2 0 
CPEG-Ag0.25 6 1.2 1.2 15 
CPEG-Ag0.5 6 1.2 1.2 30 
CPEG-Ag1 6 1.2 1.2 60 
CPEG-Ag3 6 1.2 1.2 180 
CPEG-Ag5 6 1.2 1.2 300 


*Amounts of polyurethane (PU) crosslinker (20 wt.%), PEG (20 wt.%) and AgNPs (0.25-5 wt.%), were adjusted 
based on the collagen concentration (6 mg mL"). “PU was prepared in lab using HDI + GE according to previous 


reports [18,19]. 
2.2. Synthesis of CPEG-Ag hydrogels 


For triplicated, in a 24-well culture plate kept at 4 °C, 1 mL of collagen type I (6 mg mL") was mixed with constant 
amounts of polyurethane crosslinker (20 wt.%) and polyethylene glycol (20 wt.%). Then, the desired volume of 
AgNPs from a starting solution (0.5 m/v %) was added to each well containing the previous mix. Finally, a pH=7.4 
of the mix was adjusted using 250 pL of a phosphate buffer solution (PBS-10X). All components were vigorously 


mixed and incubated at 37 °C for 4h. The formulations of hydrogels are summarized in Table 1. 
2.3. Physicochemical characterization of hydrogels 


FTIR-ATR analysis was performed on a Perkin-Elmer Frontier spectrophotometer, using a resolution of 4 cm’! and 


32 scans for the acquisitions. Optical microscopy (OM) was performed on a VELAB VE-403 inverted microscope. 
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Kinetic polymerization was monitored by a turbidimetry assay using a UV-Vis ThermoScientific MultiSkan Sky 
spectrophotometer through absorbance measurements. The swelling capacity of each formed hydrogel was 
evaluated by triplicate. The initial weight W; was recorded, and after drying for 72 h, their mass was measured again 


W+. The swelling capacity was calculated using Equation 1: 
Swelling capacity (%) = at * 100 (1) 
f 


The crosslinking index (%) of each hydrogel was also determined in triplicated using the ninhydrin test. This 
procedure involves one hydrogel, 1 mL of ninhydrin solution (1 wt.%, pH= 5 in citrate buffer), and 3 mL of 
deionized water. The reaction was performed using a ThermoScientific dry bath set at 90 °C for 2 hours [20]. 
Absorbance readings at 560 nm were taken using a ThermoScientific MultiSkan Sky spectrophotometer. Equation 
2 was employed to calculate the crosslinking percentage, where Asampie Corresponds to the average absorbance of 
hydrogel samples, while A contro1, corresponds to the absorbance of collagen without PU crosslinker. 


Crosslinking index (%) = (1 - ~sample ) * 100 (2) 


Acontrol 


2.4. Cell culture, viability, and antibacterial analysis 


The cell viability of fibroblasts and human monocytes growing in contact with hydrogel samples was evaluated 
using the MTT assay. A total of 100 pL of each cell suspension (30 000 cells mL”) in DMEM culture medium was 
placed together with 100 uL of leachates from each hydrogel formulation. Simultaneously, 100 uL of PBS-1X 
sterile solution was used as a control. All experiments were carried out in triplicated, and the evaluation was 
conducted after 24 and 48 h of incubation at 37 °C. The MTT reagent (1 wt.%) was added to each well, and 
formazan crystals were formed after 3 hours of incubation. Then, solubilization of crystals in isopropyl alcohol was 
performed before recording absorbances at 560 nm. Cell viability was evaluated by comparing absorbances values 
using Equation 3. Here, Acontro: (100% of viability) corresponds to wells with PBS-1X, instead hydrogels leachates. 
Cell viability (%) = Jeane * 100 (3) 


ontrol 


The bacterial inhibition properties of each formulated hydrogel against Escherichia coli were assessed using sterile 
Petri dishes containing EMB agar. The bacteria were seeded and incubated for 48 h at 35 °C in the presence of the 
hydrogels. For comparison, a gentamicin solution (200 ppm) was impregned on filter paper and used as reference 
control. The inhibition capacity was determined by measuring the diameter of the halo formed, representing the 


absence of bacterial growth. The inhibition capacity against E. Coli bacteria was calculated as defined in equation 4. 


Diameter of halo of sample 


Inhibition capacity of E.Coli (%) = * 100 (4) 


Diameter of halo of control 
2.5. Statistical analysis 


The means and standard deviations were considered for the data set, and experiments were done by triplicate. The 
mean of each experimental condition was compared by One-way Analysis of Variance (ANOVA), and the 


statistical significance was established by applying a Tukey test with a confidence limit of 95% (*p<0.05). 
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“3. Results and discussion 


The CPEG-Ag hydrogels, formulated with varying AgNPs content, exhibited manageable handling and a 
homogeneous color appearance. In the absence of AgNPs, the hydrogels appeared white, whereas with increasing 
AgNPs content, a light to dark gray coloration was observed. The hydrogels took on a cylindrical shape acquired 
from the mold in which they were cast. An illustration of the general preparation of these CPEG-Ag hydrogels is 
provided in Figure 1. The polyurethane crosslinker promoted the assembly and fibril arrangement of collagen, 
while the incorporation of PEG aided in stabilizing the AgNPs due to the abundant polar groups on its structure 
[15,21]. Moreover, the combination of these polymers (collagen-PU-PEG) facilitated the formation of a 


semi-interpenetrated polymer network (semi-IPN) system. 


During the formation of CPEG-Ag hydrogels, the stabilized PEG-AgNPs blend in Collagen-PU system directly 
impacts in the gelation step during the hydrogel formation process. Figure 2 shows the kinetics of the 
polymerization of CPEG-Ag hydrogels, which involves spectrophotometric measurements of hydrogel turbidity 
that correlates with polymerization or gelation process. All CPEG-Ag hydrogel samples exhibited turbidimetry 
curves with sigmoidal behavior. However, depending on the concentration of AgNPs in the formulated hydrogels, a 
delay in the semi-interpenetrating network formation was observed. The coordination of PEG with the AgNPs and 
the interactions with collagen and the crosslinker (PU) seems to affect the fibrillogenesis process of collagen, 
altering the time required to construct the final polymeric matrix (biomatrix) structure; this effect occurs to a greater 
extent with the increase in the content of AgNPs. Subsequently, the acceleration in the formation of the semi-IPN 
structures is visualized by a remarkable increase in the absorbance values. Finally, a plateau in the graphs is 


observed, with no significant variations in absorbance values, indicating the semi-IPNs were fully formed. 


Collagen + PU» 
crosslinker 


Semi-interpenetrated 
network(IPN) 


th cylindrical shape 
_- > S 


CPEG-Ag 
Hydrogels 


Figure 1. Scheme of the AgNPs incorporation into Collagen-PU-PEG system to form the CPEG-Ag 
hydrogels. The process involves the formation of semi-interpenetrated networks (semi-IPN), 


through chemical and physical bonds formation. 
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Figure 2. Polymerization kinetic curves for CPEG-Ag hydrogels with variable AgNPs 
content (0.25-5 wt.%), due to change in turbidity at 406 nm 


The chemical structure of the CPEG-Ag hydrogels was analyzed using infrared spectroscopy, and the FTIR spectra 
are shown in Figure 3. All spectra exhibit a similar pattern across the wavenumber window. In the range of 
3550-3200 cm", two overlapping bands associated with the stretching vibrations of N-H and O-H bonds from 
collagen, as well as by the presence of PEG, which is rich in hydroxyl groups, are observed. The absorption bands 
located at 2920 and 2855 cm! correspond to the absorption of C-H bonds from aliphatic groups in both structures. 
At lower wavenumber values, between 1290 cm’ - 1034 cm", absorption bands corresponding to the stretching 


vibrations of C-O and C-O-C are observed. 


In the zoomed zone of Figure 3, between 1850-1200 cm", the characteristic absorption bands for collagen can be 
distinguished: amide I at 1654 cm, amide II at 1548 cm‘, and a weaker band associated with amide III at 1240 
cm. Alongside these amide absorptions, the presence of the urea group in the spectra provides strong evidence of 
the chemical crosslinking in the system formed by collagen-polyurethane, with the associated band appearing 
around 1740 cm corresponding to the C=O group. Since the amount of PEG has no variation among all CPEG-Ag 
hydrogels, any expected difference in the chemical composition throughout the entire FTIR spectra would depend 
on the AgNPs content. However, no significant differences were observed. Nevertheless, this type of hydrogel is 
characterized by forming a semi-interpenetrated network related to both chemical crosslinking (urea formation) and 
physical crosslinking (hydrogen bonding interactions between polar groups). Taking this in consideration, the 
stronger intensity of urea group with the increase of AgNPs could be associated with a favored chemical 
crosslinking, which could have repercussions on the swelling capacity and crosslinking percentages of materials. 
The increase in the content of silver nanoparticles seems to decrease the intensity of the bands of C-O-C bonds 
(1100-1000 cm''), abundant in the semi-IPN system, which indicates that silver tends to occlude in regions with 


these types of bonds. 
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Figure 3. FTIR spectra for CPEG-Ag hydrogels with variable AgNPs content (0.25-5 wt.%) 


The design and optimization of a hydrogel with applicability in tissue engineering depends, to some extent, on its 
swelling capacity, a parameter related to the ability to retain water. This is particularly important as it ensures a 
suitable environment during regeneration and aids in favoring inflammatory processes. Figure 4a, shows the 
maximum swelling capacity of the CPEG-Ag hydrogels formulated with different contents of AgNPs and in the 
absence of them, CPEG-Ag0 hydrogel. In all cases, super-swelling behavior was observed, reaching values above 
2100%, with the highest values observed with an increase in AgNPs content in the formulation. Specifically, the 
CPEG-Ag5 reached a swelling capacity of 2757 + 102%, which is statistically significant when compared to all 
other hydrogels. In general, swelling capacities above 1% in the AgNPs content showed statistical significance over 
the lower AgNPs contents (0-0.5%). These differences could be related to the interaction between the semi- 
interpenetrated polymeric network formed and the silver nanoparticles. This interaction may occur through 
electrostatic attraction altering the structure of the hydrogel matrix, where an increase in AgNPs content correlates 
with a higher water absorption capacity. Pinzaru et al. [21] reported that in the presence of chitosan, the AgNPs 
interact with the functional groups of polymeric network (-NH), -OH). In this case, a similar behavior is expected, 
not only for the interaction with free NH» groups in the collagen but also for the many free hydroxyl groups from 


PEG, thus the free volume of the biomatrix increase, improving the swelling capacity of hydrogels. 


On the other hand, the crosslinking index of the semi-IPN structures, shown in Figure 4b as crosslinking (%), was 
determined indirectly by the ninhydrin assay, which involves the reaction with free primary amino groups along the 
collagen structure, resulting in a blue-purple product (Ruhemann's purple). The ratio between absorbance 
measurements (at 560 nm) of collagen without crosslinker and CPEG-Ag hydrogels allowed to obtain the 
percentage of crosslinking. Unlike what was observed in the swelling capacity behavior, no significant effects on 
the crosslinking (%) with respect to the increase in AgNPs were observed, indicating that silver nanoparticles are 
occluded in the collagen fibrillar matrix, preserving the semi-interpenetrated polymeric network, chemically linked 
by urea bonds and physically by hydrogen bond interactions, as mentioned earlier. However, from Figure 4b, it is 
noted that lower AgNPs concentration lightly improves the crosslinking values with 84.6 + 2% and 83.4 + 2.5%, 
corresponding to CPEG-Ag0.5 and CPEG-Ag1 hydrogels, respectively. This is probably due to more crosslinking 


sites through chemically bonded for these two AgNPs content, as indicated by the stronger C=O band from urea 
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groups observed by FTIR. Moreover, it is important to highlight that all formulated hydrogels in this work showed 
a crosslinking index above 76%, which is important for hydrogel state polymeric matrices intended for high 
efficiency wound dressings. Both swelling capacity and crosslinking degree have influence on the moisture control 
in wounds, absorption, and removal of exudates, as well as on permeability properties, thereby influenced in the 
exchange and transport of cell nutrients, allowing the stimulation of cellular metabolism. In addition, they are 


associated with the surface characteristics and morphology of hydrogels. 


Crosslinking (%) 


Swelling capacity (%) 
8 
8 


= 
o 
o 
i) 


a 
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CPEG-Ag CPEG-Ag 


Figure 4. a) Swelling capacity (%) and b) Crosslinking index (%) of and CPEG-Ag hydrogels 


The morphology of CPEG-Ag hydrogels was analyzed, and the microstructure of their surface is shown in Figure 5. 
A dense fibrillar structure resulting from an interconnected matrix is present in all samples, which is common in 
crosslinked collagen hydrogels [20]. By increasing the content of AgNPs, clustered regions within the 
interconnected fibrillar matrix and spherical particles corresponding to the presence of silver nanoparticles are 
observed. As the content of the AgNPs increases, the morphology becomes more discontinuous and saturated with 


more regions where the nanoparticles are concentrated. 


Figure 5. Stereoscopic micrographs of CPEG-Ag samples with different Ag contents: a) 0 wt.%, b) 0.25 wt.%, 
c) 0.5 wt.%, d) 1 wt.%, d) 3 wt.% and e) 5 wt.% 
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This phenomenon is related to the electrostatic repulsion interactions between the semi-IPN of Collagen-PU-PEG 
and the AgNPs. It is important to preserve the organized collagen fibrils within the hydrogel structure, as they play 
an important role in the biocompatibility properties of the hydrogels, conforming to the irregular shape of complex 
wounds such as burns and diabetic ulcers. Moreover, this property will ensure cell activity and wound contractions, 
facilitating the tissue regeneration process. As mentioned, physicochemical properties such as swelling, 
crosslinking, along morphology are key factors influencing cell viability within hydrogel matrices. Having optimal 
swelling ensures a supportive microenvironment for cell survival, while an adequate crosslinking density maintains 
mechanical stability and allows for correct nutrient exchange. On the other hand, morphology, depending on both 
factors mentioned, must resemble the extracellular matrix, facilitating cell infiltration and adhesion. Therefore, the 
optimization of these parameters is crucial for effectively managing complex wounds like burns and diabetic ulcers, 


creating a supportive environment for tissue regeneration, moisture management, and overall wound healing [3,4]. 


Figures 6a and 6b show the cell viability results of monocytes and fibroblast cell cultures in contact with the 
biodegradation products (leachates) of CPEG-Ag hydrogels. Monocytes are cells that assist in modulating the 
inflammatory response, favoring tissue regeneration; in the first 24 hours of evaluation, the results reveal a slow 
stimulation of the metabolic activity but indicate that any AgNPs content in the hydrogel formulations did not lead 
to cytotoxic effects on monocytes cell with values above 60% of cell viability. However, the metabolic activity of 
this cell culture significantly favored cell growth after 48 hours of incubation (above 120% of cell viability), 
indicating a better adaptability of monocytes over time. Moreover, higher concentrations of silver nanoparticles (3 
and 5 wt.%) presented the best viability results, and in all cases the presence of AgNPs showed significant 


differences in metabolic activity against that sample without AgNPs. 


a) b) 
CL J24h Gi4sh 


GH 24h 48h 


Monocytes viability (%) 
Fibroblast viability (%) 


0 025 05 1 3 5 
CPEG-Ag CPEG-Ag 


Figure 6. Cell viability (%) by MTT assay for human a) monocytes and b) fibroblasts. Cell cultures were in contact 
with CPEG-Ag hydrogels during 24 and 48 hours at 37 °C 


On the other hand, in the case of fibroblasts cell viability, the chemical composition of the hydrogels clearly did not 
lead to cytotoxic effects for these cells; on the contrary, it showed cell viability percentages exceeding 180% after 
24 hours of incubation. Conversely, during the 48-hours of evaluation, a decrease in metabolic activity of 


fibroblasts was observed; nonetheless, non-cytotoxic effects were presented. These results, guaranty the 
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preservation of the metabolic activity of both, monocytes, and fibroblasts, ensuring the safe use of CPEG-Ag 
hydrogels in applications involving the contact of these materials with these important cells involved in the wound 


healing process. 
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Figure 7. a) Inhibition capacity (%) of CPEG-Ag hydrogels against Escherichia coli and b) antibiograms with the 


inhibition halo where bacteria growth was avoided by the presence of hydrogels 


On the other hand, as mentioned earlier, antibiotic-resistant microorganisms are increasing nowadays, making the 
treatment of infectious wounds, especially severe ones, a challenging task for tissue repair. Antimicrobial activity 
was assessed in triplicate for each hydrogel formulation containing AgNPs. For this purpose, the inhibition capacity 
of CPEG-Ag hydrogels against Escherichia coli was determined and is shown in Figure 7a. It can be observed that 
all hydrogels exhibited the capacity to inhibit the E. coli growth, with inhibition percentages ranging from 113 + 
13% to 149 + 12%. Noticeably, the degree of inhibition at all AgNPs concentrations surpassed that of the control, 


showing statistical significance for those higher than 0.5 %wt., indicating promising potential for this biomatrices 
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even with a low content of AgNPs incorporation. Measurements of the diameter of the inhibition halo formed 
(antibiograms), which represent the absence of bacteria growth by the presence of hydrogels, are shown in Figure 
7b. The improvement in the inhibition capacity of CPEG-Ag hydrogels is related to the presence of AgNPs, and the 
increase of their concentration in the biomatrices results in higher antimicrobial activity. The proposal mechanisms 
of the strong activity of AgNPs against bacteria are varied, but these include the adsorption of AgNPs on bacterial 
surface, which destabilize the membrane, disrupts electron transport chain, reduces ATP and causes cell death. 
Other mechanisms include endocytosis through which AgNPs enter bacteria, release silver ions internally, and 
damage them. In addition, intracellular Ag* ions function as cofactors, inducing oxidative stress by generating ROS 
(hydroxyl radicals and hydrogen peroxide), damaging bacterial components and potentially leading to cell death 
[13]. The significance of the inhibition capacity shown by CPEG-Ag hydrogels against bacteria EF. coli is 
underscored by the tendency of microorganisms to develop resistance to conventional antibiotics such as 
gentamicin. The study conducted by Alarcon et al. [16] demonstrated that hydrogels containing AgNPs not only 
displayed remarkable antibacterial properties against Gram (-) and Gram (+) bacteria but also retained the 
biocompatibility properties for primary human skin fibroblasts and keratinocytes, while the levels of inflammation 
markers were reduced. The biocompatibility of CPEG-Ag hydrogels was demonstrated here with the cell viability 
(%) results by MTT assay for monocytes and fibroblasts cells, as mentioned above. Therefore, the analysis of 
AgNPs incorporated into CPEG-Ag hydrogels highlighted the safety and efficacy of the hydrogels, making them 
promising biomatrices for potential application as wound dressings, especially in hard and infected wounds. The 
results also suggest that a high concentration of AgNPs in the hydrogel may not be necessary for achieving 


substantial bacterial inhibition, as was demonstrated by CPEG-Ag0.5 hydrogel sample. 
“= 4, Conclusions 


This study focused on investigating the effects of incorporating AgNPs into Collagen-PEG hydrogels to form 
semi-interpenetrated networks, utilizing polyurethane as crosslinker. The resulting CPEG-Ag hydrogels, with 
varying in AgNPs content, exhibited manageable handling and homogeneous appearance. Polyurethane crosslinker 
facilitated collagen assembly, while PEG stabilized AgNPs. Kinetic polymerization studies revealed delayed 
network formation with increased AgNPs content, indicating altered fibrillogenesis. FTIR analysis confirmed the 
formation of a semi-interpenetrated network, with AgNPs influencing the intensity of urea groups. The swelling 
capacity of hydrogels increased with AgNPs content and showed superabsorbent behavior, while crosslinking was 
influenced minimally. These physicochemical characteristics, along with a porous morphology, allowed for 
obtaining cell viability of monocytes and fibroblast while exhibiting high antimicrobial activity against E. coli 
bacteria. These findings highlight the potential for using these materials in future in vivo tests for tissue regeneration 


applications, particularly in treating complex wounds such as burns and diabetic ulcers. 
“= 5, Future Suggestions 


The study presented in this investigation demonstrated the potential use of the CPEG-Ag hydrogels for tissue 
regeneration applications. Nonetheless, complementary studies are necessary to fully exploit the potential of these 


materials. Some of these suggestions are as follows: (i) Investigate the mechanical properties of CPEG-Ag 
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hydrogels through rheometry under dynamic conditions mimicking physiological movements for their practical 
application in clinical settings. (ii) Evaluate the biodegradability of CPEG-Ag hydrogels over time under various 
hydrolytic and enzymatic conditions to ensure tissue regeneration while minimizing inflammatory reactions. (iii) 
Evaluate the superior antibacterial properties of CPEG-Ag hydrogels against other microorganisms responsible for 
wound infections, such as S. Aureus. (iv) Investigate the capacity of CPEG-Ag hydrogels as drug delivery system 


for therapeutic agents. (v) Design in vitro test to evaluate the efficacy of CPEG-Ag hydrogels in a wound closure 


assay. 
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